This article describes a case study using a fault tree analysis for a multi-operational-state system (system with several operational states) model with many different technical solutions for the power system of a fishing vessel. We describe the essence of system dependability metamodeling. A vector of external events was used to construct a detailed metamodel, depending on the operational status being modeled. In a fault tree, individual external events modify the structure of a system. The analysis includes the following operational states: sea voyages of a vessel, hauling in and paying out nets, trawling, staying in a port, and heaving to. For each operational state and assumed system configurations, the importance of system components was determined by calculating the Vesely-Fussell measures. The most important components for each operational state of a system were determined, and the critical system components, that is, those that are important in every operational state and system configuration, were identified.
Introduction
System structures often significantly change under different operating conditions. These conditions are associated with switching certain system components on or off, depending on the demand for functions of these components in a given operational state [1] [2] [3] . There are different ways to model time-variant reliability structures, for example, using graphs, tables, reliability block diagrams, fault trees, and so forth [4] [5] [6] [7] . Moreover, there are a number of calculation methods used in reliability engineering, for example, Bayesian methods [8] [9] [10] [11] , Monte Carlo [12] [13] [14] [15] , Markov processes [16] [17] [18] , fuzzy logic [19] [20] [21] [22] , and so forth.
Many complex technical systems are composed of similar or identical (analogous) basic components. Examples of such systems are ship's power systems [23] [24] [25] . The paper analyses the power system, understood as the whole system composed of the subsystems of electric energy production, ship propulsion, and the technological process. Depending on the size of ship, its intended use, and the specific construction, these systems may vary considerably [26] .
The application of general models is suitable for both the analysis of different operational states of a vessel and for comparing structural solutions in different vessels. This enables the application of general models to various configurations of the studied system. Such models enable a faster analysis of dependability measures of systems composed of similar components [27, 28] .
Information 2020, 11, 29 2 of 20 One method for modeling the system reliability structure is the fault tree analysis. The structure of time-variant systems can be modeled using dynamic fault trees and suitable additional functional blocks (gates) that describe complex logical and time-related relationships in the analyzed system [29] [30] [31] . Often, however, due to the need to simplify the model, it is necessary to use static fault trees, that is, trees using basic static logical gates to describe the relationship between events in a system [32] [33] [34] [35] .
An event is defined as any change in either the structure or the functioning of the system being operated. Therefore, events may include failures in system components, human errors, adverse environmental impacts, or software flaws.
In classical (static) fault trees, external events are used to change relationships between events, and make it possible to define selected system indicators in different operational states [36] . In addition to the general characteristics of the whole system, it is very often necessary to determine which events are most important for the system in question. In the literature, this issue is referred to as importance analysis, significance analysis, or sensitivity analysis [27] .
In general, from a specific point of view, an important event is one that has an adequate set of characteristics with values adopted a priori within an acceptable variability range. Maciej Woropay defined significance as the possibility for the "vertical impact" from a subsystem failure to reduce, from a specific level of decomposition, the ability of higher-level (parent) systems to accomplish a task. Vertical impacts involve relationships between subsystems and supersystems [37] . Therefore, the significance of a component I is, therefore, a function that reflects to what extent a component I meets the criteria k 1 , k 2 , . . . , k n k :
Let Φ(f ) be a functional of the system state, which assigns a number to each function f from the function space. Then, the condition for verifying whether the value Φ(f ) falls within the range of acceptable variability [a, b] is considered to be the significance evaluation criterion [37] :
The significance of events during the formation of a disaster depends on [27] the probability of an event occurring in the structure in which it is located and the consequences of the event occurring. Given complete information about events, it is possible to determine their significance using quantitative significance measures, including Birnbaum, Vesely-Fussell, Natvig, Bergman, Lambert, and Barlow-Proshan measures, risk reduction worth, improvement potential, and risk achievement worth [3, 27, 38, 39] .
During system operation, the reliability and functional structures of complex technical systems can change due to individual subsystems switching on and off, depending on the tasks they perform. A variable system structure makes an analysis difficult because it is necessary to develop a separate model for each operational state, which significantly prolongs the analysis of the whole system. This problem may be solved using general models covering different configurations of systems belonging to a given set, which results from changing the operational state and the operational requirements of the system.
A previous report proposed the use of a general model, which is transformed into a detailed model with an external event vector, which models the change in the operational state [35] . The proposed model-based approach implemented in fault trees is shown in Figure 1 .
This methodology was developed previously to address the possible use of a general model to estimate the detailed reliability indicators of a complex technical system [27] . This article will present the importance analysis of a fishing vessel's power system components for selected operational states. This methodology was developed previously to address the possible use of a general model to estimate the detailed reliability indicators of a complex technical system [27] . This article will present the importance analysis of a fishing vessel's power system components for selected operational states.
Materials and Methods

Object of Analysis
The analysis covers the fishing vessel's propulsion system, as shown in Figure 2 . Individual system components can be engaged and disengaged depending on the operational state of a ship [18] . Particular components of the system are as follows: 1-main propulsion engine with auxiliary systems supporting its operation (SG); 2-main propulsion engine's exhaust manifold; 3-charge exchange system (air filter, air cooler, turbocharger); 4-countershaft coupling and its motor; 5transmission; 6-line shafting (countershaft and propeller shaft, stern bush bearing and seal); 7adjustable or fixed propeller; 8-Kort nozzle of the screw propeller; 9-alternating current (AC) shaft generator; 10-direct-current (DC) shaft generator; 11-pump no. 1 driven by the main propulsion engine through the transmission; 12-pump no. 2 driven by the main propulsion engine through the transmission; 13-hydraulic drive system (pump-motor) of trawl winches driven by the main propulsion engine; 14-trawl winch transmission gear driven by the system 13; 15-head of the trawl winch driven by system 13; 16-hydraulic drive system (pump-engine) of a net winch, driven by the main propulsion engine through the transmission; 17-net winch transmission gear driven by the system 16; 18-head of the net winch driven by the system 16; 13a-electric motor of the trawl winch; 14a-transmission gear of the trawl winch driven by the motor 13a; 15a-head of the trawl winch driven by the motor 13a; 16a-trawl winch electric motor; 17a-transmission gear of the trawl winch driven by the motor 16a; 18a-head of the trawl winch driven by the motor 16a; 19-pump (pumps) of the seawater (cooling of fresh water in the power plant's cooling system and handling of technological systems); SAC-shaft alternating current generator disengaging coupling; SDC-shaft direct-current generator disengaging coupling; SP1-disengaging coupling of the pump no. 1; SP2disengaging coupling of the pump no. 2; SW1-disengaging coupling of the pump of the winch hydraulic drive system 15; SW2-disengaging coupling of the pump of the winch hydraulic power transmission system 18; SH1-disengaging coupling of the engine of the hydraulic drive system of 
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Object of Analysis
The analysis covers the fishing vessel's propulsion system, as shown in Figure 2 . Individual system components can be engaged and disengaged depending on the operational state of a ship [18] . Particular components of the system are as follows: 1-main propulsion engine with auxiliary systems supporting its operation (SG); 2-main propulsion engine's exhaust manifold; 3-charge exchange system (air filter, air cooler, turbocharger); 4-countershaft coupling and its motor; 5-transmission; 6-line shafting (countershaft and propeller shaft, stern bush bearing and seal); 7-adjustable or fixed propeller; 8-Kort nozzle of the screw propeller; 9-alternating current (AC) shaft generator; 10-direct-current (DC) shaft generator; 11-pump no. 1 driven by the main propulsion engine through the transmission; 12-pump no. 2 driven by the main propulsion engine through the transmission; 13-hydraulic drive system (pump-motor) of trawl winches driven by the main propulsion engine; 14-trawl winch transmission gear driven by the system 13; 15-head of the trawl winch driven by system 13; 16-hydraulic drive system (pump-engine) of a net winch, driven by the main propulsion engine through the transmission; 17-net winch transmission gear driven by the system 16; 18-head of the net winch driven by the system 16; 13a-electric motor of the trawl winch; 14a-transmission gear of the trawl winch driven by the motor 13a; 15a-head of the trawl winch driven by the motor 13a; 16a-trawl winch electric motor; 17a-transmission gear of the trawl winch driven by the motor 16a; 18a-head of the trawl winch driven by the motor 16a; 19-pump (pumps) of the seawater (cooling of fresh water in the power plant's cooling system and handling of technological systems); SAC-shaft alternating current generator disengaging coupling; SDC-shaft direct-current generator disengaging coupling; SP1-disengaging coupling of the pump no. 1; SP2-disengaging coupling of the pump no. 2; SW1-disengaging coupling of the pump of the winch hydraulic drive system 15; SW2-disengaging coupling of the pump of the winch hydraulic power transmission system 18; SH1-disengaging coupling of the engine of the hydraulic drive system of the winch 15; SH2-disengaging coupling of the engine of the hydraulic drive system of the winch 18; SWL-disengaging coupling of the drive shaft;
x-electrical and power unit(s) driven by a combustion engine; y-other current-using equipment. Denotations of individual system components and their unavailability values are summarized in Table 1 . Table 1 . The characteristic of examples of simple events in the analyzed system [40, 41] . Table 1 . The fault of the transmission 0.999773 0.00429 6
Denotations of individual system components and their unavailability values are summarized in
The fault of line shafting (countershaft and propeller shaft, stern bush bearing and seal); 0.999983 0.00291 7
The fault of the screw propeller 0.999997 0.00033 8
The fault of the screw propeller nozzle 0.999999 0.00002 9
The fault of the alternating current (AC) shaft generator 0.999972 0.00044 10
The fault of the direct-current (DC) shaft generator 0.999972 0.00044 11
The fault of the pump no. 1 driven by the main propulsion engine through a transmission 0.999181 0.01769 12
The fault of the pump no. 2 driven by the main propulsion engine through a transmission 0.999181 0.01769
13
The fault of the hydraulic drive system (pump-engine) of the trawl winch driven by the main propulsion engine through the transmission; 0.999851 0.00882
14
The fault of the transmission of the trawl winch driven by the main engine 0.999773 0.00429 15
The fault of the head of the trawl winch driven by the main engine 0.999993 0.00111
16
The fault of the hydraulic drive system (pump-engine) of the net winch driven by the main propulsion engine through the transmission; 0.999851 0.00882
17
The fault of the transmission of the net winch driven by the main engine 0.999773 0.00429 18
The fault of the head of the net winch driven by the main engine 0.999993 0.00111 13a
The fault of the electric motor of the trawl winch 0.999181 0.01749 14a
The fault of the transmission of the trawl winch driven by the main engine 0.999773 0.00429 15a
The fault of the head of the trawl winch driven by the main engine 0.999993 0.00111 16a
The fault of the electric motor of the net winch 0.999181 0.01749 17a
The fault of the transmission of the net winch driven by the main engine 0.999773 0.00429 18a
The fault of the head of the net winch driven by the main engine 0.999993 0.00111 19
The fault of the seawater pump and its system 0. Based on this general system structure, as well as the reliability indicators of the components, models were built to determine the importance of the components depending on the system structure.
Modeling Operational State Changes in a System
If → X(t) = [X 1 (t), X 2 (t), . . . X n (t)] is a binary component state vector that describes the reliability state of all components, such that X i (t) takes the value 1, when the i-th component is operable and takes the value 0, when the i-th component is faulty at the time point t, and S is the set of all component state vectors, then the structural function can be expressed as the map:
In the literature, the function (3) is called the system structure function [42, 43] . In general, the values of this function are normalized to the range [0, 1]. If the function ϕ(x) is bivalent, ϕ(x) = (0 ∪ 1), then in terms of reliability, the object is bistate (up-state, down-state). The number of all possible structures corresponding to the number of possible logical functions of a bistate system built of n bistate components is equal to 2 2 n .
The system structure can be presented as a negative structural function of the system ϕ (system-failure-oriented analysis). This function specifies the state of the system depending on the state of its components and takes the value 0 when the system is operable and the value 1 when
is a negative binary component state vector describing the reliability state of all components, such that X i (t) takes the value 0 when the i-th components is operable and the value 1 when the i-th component is faulty at the moment t, and S is the set of all component state vectors, then the structural function can be expressed as [1, 27] 
For the vessel's power system shown, the binary state vector can be represented as → X = [X 1 , X 2 , X 3 , X 4 , X 5 , X 6 , X 7 , X 8 , X 9 , X 10 , X 11 , X 12 , X 13 , X 14 , X 15 , X 16 ,
The structural function (4) for such a system can be represented by [40] 
Depending on the value of individual external events (elements of the external events vector), individual system components may or may not be part of the system being analyzed.
The model is intended to represent various configurations of the components of the power system. Therefore, the model has been expanded to include a number of conditions to allow system configurations to be modeled by adding or removing model parts corresponding to these components. The conditions were fulfilled using external events, and the model includes the following conditions [27] : System structure changes are modeled using a binary vector of external events [35] :
The structure function (positive notation) of a particular system φ S depends on the binary state vector of a general system → X and the binary external event vector → w that models the particular system [27] :
Therefore, the presented system is characterized by a reliability structure, in which relevant segments can be either included (w i = 1) or excluded (w i = 0) from the structure depending on the technical solution that is applied to the vessel and its operational state.
Analysis of the Importance of Components
To demonstrate the use of the general system model to analyze the importance of components during the operation of a system in particular operational states, the Vesely-Fussell measure was estimated [29, 44] . It specifies the conditional probability that all components of at least one minimal fault tree cut-set C ij (t), containing the i-th element, will fail at time t, assuming that the system fails at time t. For a system with the structure φ X(t) , the Vesely-Fussell measure is expressed by the following formula [27] :
is a set containing at least one minimal cut-set C ij (t) and m i is the number of minimal cut-sets that contain the i-th component.
For a system with n-component parallel structure (primary events connected to the AND gate that directly generates peak events), all components take part in the occurrence of a peak event, thus
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whereQ j (t) is the unavailability of the j-th minimal cut-set containing the i-th component and Q 0 (t) is the unavailability of the system.
Results and Discussion
System Reliability Structure
The reliability structure of these systems has been modeled in the form of fault trees. Interconnections between models are presented in Figure 3 . The individual subtrees of the main fault tree are shown in Figures 4-9 . Conditional events (Condition XX) describe the state of the system (value of given condition in the external event vector (7)).
In fault tree analyses, the approximate formula is often used in practice to determine the Vesely-Fussell measure of importance for complex technical systems [27] :
where ( ) is the unavailability of the j-th minimal cut-set containing the i-th component and Q0(t)
is the unavailability of the system.
Results and Discussion
System Reliability Structure
The reliability structure of these systems has been modeled in the form of fault trees. Interconnections between models are presented in Figure 3 . The individual subtrees of the main fault tree are shown in Figures 4-9 . Conditional events (Condition XX) describe the state of the system (value of given condition in the external event vector (7)). The operational state of an object is described by a set of values of operational features which indicates the probability that this object will operate as intended. Depending on the operational state of each seagoing vessel, the power system changes its structure by including or excluding certain components of its serial reliability structure. For example, for the fishing vessels presented with the power system, the basic operational states are sea voyage, paying out nets, hauling in nets, trawl fishing, heaving to, and staying in a port. Each operational state corresponds to a serial reliability structure of the system composed of other components. Individual reliability structures have been modeled with external event vectors → w [35] . The operational state of an object is described by a set of values of operational features which indicates the probability that this object will operate as intended. Depending on the operational state of each seagoing vessel, the power system changes its structure by including or excluding certain components of its serial reliability structure. For example, for the fishing vessels presented with the power system, the basic operational states are sea voyage, paying out nets, hauling in nets, trawl fishing, heaving to, and staying in a port. Each operational state corresponds to a serial reliability structure of the system composed of other components. Individual reliability structures have been modeled with external event vectors w  [35] .
For each operational state, importance analysis of reliability was carried out, aimed at identifying the components that are most likely to contribute to a system fault (down state). For each operational state, importance analysis of reliability was carried out, aimed at identifying the components that are most likely to contribute to a system fault (down state).
System Components Importance during Sea Voyage
During a sea voyage, when the vessel moves between fisheries or ports, all system components except for the trawl and net winches are in operation. The fault state of these winches does not limit the functionality of the vessel. For a sea voyage, depending on the number of installed trawls and net winches, the structure may vary slightly due to the possibility or impossibility of couplings being faulty.
For a running main engine that drives, through a transmission, a nondisengaging propeller drive shaft, a fixed-or adjustable-pitch propeller with a Kort nozzle, an AC shaft generator in a coupled position, decoupled shaft pumps and shaft winches in the system, and noninstalled or switched-off electrical winches, the vector → w of conditional events takes the form [40] : → w = [w 1 , 0, w 2b , w 3a , w 3b , 0, 0, 0, 0, 0, 0, w 7a , 0, 0, w 8a , 0, 0, 0, 0] = [1, 0, 1, 1, 1, 0, 0, 0, 0, 0, 0, 1, 0, 0, 1, 0, 0, 0, 0]
In the above case, for a power system without a Kort nozzle, the vector will take the following form [41] : → w = [0, 0, w 2b , w 3a , w 3b , 0, 0, 0, 0, 0, 0, w 7a , 0, 0, w 8a , 0, 0, 0, 0] = [0, 0, 1, 1, 1, 0, 0, 0, 0, 0, 0, 1, 0, 0, 1, 0, 0, 0, 0]
In the case of the drive shaft capable of being decoupled from its driving unit, that is, the main propulsion engine, the vectors (12) and (13) take their respective forms [27] : → w = [w 1 , w 2a , w 2b , w 3a , w 3b , 0, 0, 0, 0, 0, 0, w 7a , 0, 0, w 8a , 0, 0, 0, 0] = [1, 1, 1, 1, 1, 0, 0, 0, 0, 0, 0, 1, 0, 0, 1, 0, 0, 0, 0]
→ w = [0, w 2a , w 2b , w 3a , w 3b , 0, 0, 0, 0, 0, 0, w 7a , 0, 0, w 8a , 0, 0, 0, 0] = [0, 1, 1, 1, 1, 0, 0, 0, 0, 0, 0, 1, 0, 0, 1, 0, 0, 0, 0]
The screw propeller type (fixed or variable pitch) does not affect the structure change. Only appropriate measures describing the availability or reliability of a propeller are changed as they show different values.
The estimation of the Vesely-Fussell measure (9) for the analyzed system during a sea voyage is shown in Figure 10 . The most important components during a sea voyage are other current-using equipment, the main engine of the ship with ancillary plants, the ancillary electrical and power units, and couplings in the power system.
System Components Importance during Paying out and Hauling in Nets
When paying out and hauling in the nets, all components of power system are in operation. For this operational state, the structure may differ slightly from the number of installed trawl and net winches due to the possibility or the impossibility of a greater or smaller number of components being faulty (in a down state).
For a running main engine that drives, through a transmission, a nondisengaging propeller drive shaft, a fixed-or adjustable-pitch propeller with a Kort nozzle, an AC shaft generator in a coupled position, coupled shaft pumps and shaft winches installed in the system, or noninstalled electrical winches, the vector w  of conditional events takes the following form [40] : ] 0 , 0 , 
In the case of a system without a Kort nozzle, this vector will take the form of [40] ] 0 , 0 , 
For a technological subsystem equipped only with electrically driven winches, the vectors (16) and (17) The most important components during a sea voyage are other current-using equipment, the main engine of the ship with ancillary plants, the ancillary electrical and power units, and couplings in the power system.
For a running main engine that drives, through a transmission, a nondisengaging propeller drive shaft, a fixed-or adjustable-pitch propeller with a Kort nozzle, an AC shaft generator in a coupled position, coupled shaft pumps and shaft winches installed in the system, or noninstalled electrical winches, the vector → w of conditional events takes the following form [40] : 0, 1, 1, 1, 0, 0, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1 
In the case of a system without a Kort nozzle, this vector will take the form of [40] → w = [0, 0, w 2b , w 3a , w 3b , 0, 0, w 5a , w 5b , w 6a , w 6b , w 7a , w 7b , w 7c , w 8a , w 8b , w 8c , 0, 0] = [0, 0, 1, 1, 1, 0, 0, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 0 , 0]
For a technological subsystem equipped only with electrically driven winches, the vectors (16) and (17) will take their respective forms [27] : → w = [w 1 , 0, w 2b , w 3a , w 3b , 0, 0, w 5a , w 5b , w 6a , w 6b , 0, 0, 0, 0, 0, 0, w 9 , w 10 ] = [1, 0, 1, 1, 1, 0, 0, 1, 1, 1, 1, 0 , 0, 0, 0, 0, 0, 1, 1]
Information 2020, 11, 29 12 of 20 → w = [0, 0, w 2b , w 3a , w 3b , 0, 0, w 5a , w 5b , w 6a , w 6b , 0, 0, 0, 0, 0, 0, w 9 , w 10 ] = [0, 0, 1, 1, 1, 100, 1, 1, 1, 1, 0, 0, 0, 0, 0, 0, 1, 1]
If a vessel is equipped with electrically driven and main propulsion engine-driven trawl and net winches, the vectors (16) and (17) will take their respective forms [27] : 0, 1, 1, 1, 0, 0, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1] (20) 1, 1, 1, 0, 0, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1] (21) Figure 11 shows the estimates of the Vesely-Fussell measure for system components during operations of paying out and hauling in the nets.
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If a vessel is equipped with electrically driven and main propulsion engine-driven trawl and net winches, the vectors (16) and (17) Figure 11 shows the estimates of the Vesely-Fussell measure for system components during operations of paying out and hauling in the nets. Figure 11 . Estimated Vesely-Fussell measures indicating the importance of main system components during paying out and hauling in the nets.
When the system remains in this operational state, the most important components are other current-using equipment, the main engine of the ship with auxiliary plants, ancillary electrical and power units, and the specific equipment that handles the nets.
System Components Importance during Trawling
During trawling, all the energetic system components, except the net winches, are in operation. For this operational state, the structure may differ slightly from the number of installed trawl and net winches due to the possibility or the impossibility of a greater or smaller number of components being faulty (internally disabled state).
For a running main engine that drives, through a transmission, a nondisengaging propeller drive shaft, a fixed-or adjustable-pitch propeller with a Kort nozzle, an AC shaft generator in a coupled Figure 11 . Estimated Vesely-Fussell measures indicating the importance of main system components during paying out and hauling in the nets.
For a running main engine that drives, through a transmission, a nondisengaging propeller drive shaft, a fixed-or adjustable-pitch propeller with a Kort nozzle, an AC shaft generator in a coupled position, a coupled trawl winch installed in the system, or a decoupled net winch, both shaft-driven, and noninstalled electrical winches, the vector → w of conditional events takes the following form [40] :
Information 2020, 11, 29 13 of 20 → w = [w 1 , 0, w 2b , w 3a , w 3b , w 4a , 0, 0, w 5b , w 6a , w 6b , w 7a , w 7b , w 7c , w 8a , 0, 0, 0, 0] = [1, 0, 1, 1, 1, 1, 0, 0, 1, 1, 1, 1, 1, 1, 1 , 0, 0, 0, 0]
In the case of a system without a Kort nozzle, the vector (22) will take the form of [27] → w = [0, 0, w 2b , w 3a , w 3b , w 4a , 0, 0, w 5b , w 6a , w 6b , w 7a , w 7b , w 7c , w 8a , 0, 0, 0, 0] = [0, 0, 1, 1, 1, 1, 0, 0, 1, 1, 1, 1, 1, 1, 1, 0 , 0, 0, 0]
For a technological subsystem equipped only with electrically driven winches, the vectors (22) and (23) will take their respective forms [27] : w = [w 1 , 0, w 2b , w 3a , w 3b , w 4a , 0, 0, w 5b , w 6a , w 6b , 0, 0, 0, 0, 0, 0, w 9 , 0] = [1, 0, 1, 1, 1, 1, 0, 0, 1, 1, 1, 0 , 0, 0, 0, 0, 0, 1, 0]
→ w = [0, 0, w 2b , w 3a , w 3b , w 4a , 0, 0, w 5b , w 6a , w 6b , 0, 0, 0, 0, 0, 0, w 9 , 0] = [0, 0, 1, 1, 1, 1, 0, 0, 1, 1, 1, 0, 0, 0, 0, 0, 0, 1, 0]
If a vessel is equipped with both electrically driven and main propulsion engine-driven trawl and net winches, the vectors (24) and (25) will take their respective forms [27] : 0, 1, 1, 1, 1, 0, 0, 1, 1, 1, 1, 1, 1, 1, 0 1, 1, 1, 1, 0, 0, 1, 1, 1, 1, 1, 1, 1, 1, 0 Figure 12 shows the Vesely-Fussell importance measure of the system components during the trawling operation.
Information 2020, 11, x FOR PEER REVIEW 14 of 21 position, a coupled trawl winch installed in the system, or a decoupled net winch, both shaft-driven, and noninstalled electrical winches, the vector w  of conditional events takes the following form [40] : 0  ,  0  ,  0  ,  1  ,  1  ,  1  ,  1  ,  1  ,  1  ,  1  ,  0  ,  0  ,  1  ,  1  ,  1  ,  1  ,  0  ,  1  [   ]  0  ,  0  ,  0  ,  0  ,  ,  ,  ,  ,  ,  ,  ,  0  ,  0  ,  ,  ,  ,  ,  0  ,  [  6  5  4  3  3 Figure 12 shows the Vesely-Fussell importance measure of the system components during the trawling operation. The most important components are other current-using equipment, the main engine of the ship with ancillary plants, ancillary electrical and power unit, and the specific equipment that operates when trawling.
System Components Importance during Fishing, When Heaved To, or Staying in a Port
When fishing, heaving to, or staying in a port, generating sets are in operation, but neither the winch nor the vessel's main propulsion are in operation. For a running main engine that drives, through a transmission, an AC shaft generator with a decouplable and decoupled propeller drive shaft, a fixed propeller without a Kort nozzle, coupled shaft pumps installed in the system, decoupled shaft winches installed in the system, and noninstalled or switched-off electrical winches, the vector → w of conditional events takes the following form [40] : → w = [0, w 2a , 0, w 3a , w 3b , 0, 0, w 5a , w 5b , w 6a , w 6b , 0, 0, w 7c , 0, 0, 0, 0, 0] = [0, 1, 0, 1, 1, 0, 0, 1, 1, 1, 1, 0, 0, 1, 0, 0, 0, 0, 0]
In the case of a system with a DC shaft generator, the vector w takes on the form → w = [0, w 2a , 0, 0, 0, w 4a , w 4b , w 5a , w 5b , w 6a , w 6b , 0, 0, w 7c , 0, 0, 0, 0, 0] = [0, 1, 0, 0, 0, 1, 1, 1, 1, 1, 1, 0, 0, 1, 0, 0, 0, 0, 0]
If it is not possible to decouple the vessel's drive shaft so that the main engine can drive the shaft generator when heaving to or staying in a port, electricity is produced exclusively by auxiliary generator sets.
For the case of fishing, heaving to, or staying in a port, the estimation of Vesely-Fussell's measure is shown in Figure 13 . The most important components are other current-using equipment, the main engine of the ship with ancillary plants, ancillary electrical and power unit, and the specific equipment that operates when trawling.
When fishing, heaving to, or staying in a port, generating sets are in operation, but neither the winch nor the vessel's main propulsion are in operation. For a running main engine that drives, through a transmission, an AC shaft generator with a decouplable and decoupled propeller drive shaft, a fixed propeller without a Kort nozzle, coupled shaft pumps installed in the system, decoupled shaft winches installed in the system, and noninstalled or switched-off electrical winches, the vector w  of conditional events takes the following form [40] :
In the case of a system with a DC shaft generator, the vector w takes on the form
For the case of fishing, heaving to, or staying in a port, the estimation of Vesely-Fussell's measure is shown in Figure 13 . The most important components are other current-using equipment, the main engine of the ship with ancillary plants, ancillary electrical, and power unit.
Quantitative Analysis
For the adopted system structure, analyses were conducted using CARA FaultTree Academic version 4.1 (Sydvest Software, Trondheim, Norway). The system availability values were calculated for all the described operational states. The system shows the greatest availability, exceeding 0.9820, for a sea voyage, and the lowest one, below 0.9795, for the state of paying out and hauling in the nets, which is caused by the reliability and the number of components necessary for the system to function. Comparative analysis of system components' importance is presented in Tables 2-4 .
The most important components are other current-using equipment, such as the ship's main engine with ancillary plants (in the presented solution, the engine drives the generator during this operational state), the ancillary electrical and power unit, and individual couplings in the power system. The high importance of the main engine when staying in port is due to the engine room solution, wherein the main engine can be used as an ancillary electrical and power unit when staying in port. --16  ------17 ------ It should be noted that in the presented system, it is possible to distinguish components that are important for the reliable operation in all operating states being analyzed. In the analyzed system, components with Vesely-Fussell importance value greater than 0.05 are items y, 1, 3, 19, that is, other current-using equipment and the main engine with ancillary plants.
Conclusions
The presented models allow for the analysis of reliability and availability of the systems in different combinations of component structure and for different operational states, as shown by the example of the power system of a fishing vessel.
The example presented in this article shows that the proposed methodology using a fault tree as a system metamodel enables a holistic analysis of the reliability of multi-operational-state systems and/or systems with many different technical constructions. In this context, the presented approach may become a part of the management strategy for companies (e.g., ship owners) to improve the reliability of the whole fleet of systems (e.g., vessels).
The proposed methodology makes it possible to identify the most important components regardless of the momentary operational status of the analyzed system, that is, the components important in all analyzed operational states.
Independently from the calculated measures, the proposed models may be used to compute other indices such as reliability, availability, mean time to failure, number of failures, list of minimal cut-sets, or other importance measures, for example, structural Birnbaum measure, reliability Birnbaum measure, criticality measure, order of minimal cut-sets, and so forth.
Future development of the proposed models is associated with an application of metamodels to partly loaded systems, where some components are operated in warm or cold redundancy. It may be done by combining metamodels with dynamic fault trees. Moreover, an integration of the presented approach with other modelling tools might be valuable as it will increase the flexibility of applying the models to a given system. It may be achieved by using a number of existing computer programs, for example, Reliasoft Synthesis BlockSim (HBM Prenscia, Tucson, AZ, USA), Reliability Workbench (Isograph Inc., Manchester, UK), and Windchill FTA (PTC Windchill Quality Solutions, Boston, MA, USA).
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